A t a time when there is great concern about rising health care costs and a need to provide care to uninsured and underinsured people, physicians should take every possible opportunity to practice cost-conscious medicine. Imaging studies in conjunction with clinical evaluation should be done only when such studies improve the accuracy of diagnosis, resolve clinical uncertainty, and provide for precise treatment.
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Although magnetic resonance imaging (MRI) has been used to evaluate meniscal pathology for over 20 years, its role in decision making for arthroscopic surgery of the knee is still disputed.
† The availability of MRI and the public's familiarity with it have led to an increased expectation of patients to have MRI when they present to a primary care physician with a complaint of knee pain. In this situation, the primary care physician orders MRI; the report indicates meniscal pathology; and the patient is referred to an orthopaedic surgeon with the expectation that surgery will be done. 11 Prior studies evaluating the accuracy of MRI in the diagnosis of meniscal pathology have controlled variables such as MRI facility, magnet strength, study protocol, and the interpretation of the study. 1, 8, 16, 21 In the majority of orthopaedic practices, patients have MRI at a facility chosen by their insurance providers or for personal preference or convenience. These variables cannot be controlled. The purpose of this study was to determine the overall accuracy of MRI performed in any available facility in a community compared with the accuracy of a single institution (SI) or orthopaedic surgeon's clinical evaluation. A similar study evaluating the quality of a country's magnetic resonance images vol. 4 • no. 3 SPORTS HEALTH was reported in 2006 but was limited to a particular subset of patients, namely young soldiers. 2 
Materials and Methods
The records of 313 consecutive patients who had arthroscopy of the knee for treatment of meniscal pathology during a period of 7 months were retrospectively reviewed to compare the findings at arthroscopy with the preoperative MRI results. Patients were selected for MRI based on the clinical judgment of the senior authors, or the patient arrived at the appointment with MRI done at the request of the primary care physician. After chart review, the records of 25 patients were incomplete because of unavailability of clinic note with preoperative examination, MRI results, or operative report. A summary of the remaining 288 patients, which includes demographics, clinical findings, and MRI results, is listed in Table 1 . Ninety patients did not undergo preoperative MRI, because the senior authors felt that MRI would not change or add to the clinical evaluation, so they went directly to arthroscopic evaluation and treatment. A clinical examination (CE) of each knee was performed in clinic by 1 of the 2 senior authors (W.A.G., R.E.H.). The examination included testing for joint line tenderness, McMurray sign, effusion, and a locked knee. The final assessment of diagnosis was used as the positive finding.
The remaining 198 patients underwent MRI at any available facility in the community; insurer or patient preference determined the site. MRI was interpreted by the facility's radiologist. The technical parameters of MRI, including machine strength, series performed, and cut width, were determined by the availability and protocol of the imaging center. These patients were further subdivided into those who had MRI performed and interpreted at an SI (The University of Arizona's Department of Radiology, with fellowship-trained musculoskeletal radiologists) and those who had MRI done in community facilities (CF). No attempt was made to qualify meniscal pathology based on tear location and type of tear due to variable terminology among the radiologists. If the final radiologic diagnosis was meniscal tear, then the MRI findings were considered positive.
The operative report was reviewed to determine the pathology found at arthroscopy, and these findings were compared with the MRI and examination findings. The rates of sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy were determined along with the rates of false negatives and false positives.
Statistical analysis was performed using a Z test for proportions with an alpha level of P < 0.05.
results
The 288 patients ranged in age from 13 to 88 years old with a mean age of 43 years. There were 147 males (51%) and 141 females (49%). Two experienced arthroscopists at 2 surgical centers performed the physical examination and arthroscopic surgeries. The patients were distributed in 1 of 3 groups. In sum, 104 patients had MRI at an SI; 94 patients had MRI from 1 of the multiple CF; and 90 patients had an orthopaedic CE and no MRI prior to arthroscopy. The demographics of the 3 groups were compared and evaluated for statistical differences. An analysis of variance was conducted, and no statistical difference was found in age as a function of sex or group. A χ 2 analysis was done to determine statistical difference in sex; in the SI and CE groups, there were 48% males and 52% females; in the CF, there were 71% males and 29% females. Based on t test and a χ 2 test to compare the patient populations for the 2 senior authors, no significant differences were found for age or sex (Table 1) .
SI Interpretation vs Arthroscopy
For the 104 patients with MRI from a SI, sensitivity, specificity, PPV, NPV, and accuracy for medial meniscal tear (MMT) were 90%, 59%, 74%, 82%, and 76%, respectively. Of the 60 MMT at arthroscopy, 6 (10%) were missed on MRI, and there were 19 (26%) false positives on MRI. The sensitivity, specificity, PPV, NPV, and accuracy for lateral meniscal tear (LMT) were 75%, 76%, 69%, 81%, and 75%, respectively. Of the 44 LMT at arthroscopy, 11 (25%) were missed on MRI, and there were 15 (31%) false positives on MRI (Tables 2 and 3) .
CF Interpretation vs Arthroscopy
For the 94 patients with MRI from the CF, the sensitivity, specificity, PPV, NPV, and accuracy for MMT were 73%, 68%, 64%, 76%, and 70%, respectively. Of the 44 MMT at arthroscopy, 12 (27%) were missed on MRI, and there were 18 (36%) false positives on MRI. The sensitivity, specificity, PPV, NPV, and accuracy for LMT were 60%, 88%, 63%, 87%, and 81%, respectively. Of the 25 LMT at arthroscopy, 10 (67%) were missed on MRI, and there were 9 (38%) false positives on MRI (Tables 2 and 3) .
CE vs Arthroscopy
For the 90 patients without MRI evaluated clinically by an orthopaedic surgeon, sensitivity, specificity, PPV, NPV, and accuracy of MMT were 93%, 55%, 66%, 90%, and 73% respectively. Of the 43 MMTs diagnosed at arthroscopy, 3 (7%) were missed on physical examination, and there were 21 (34%) false positives on physical examination. The sensitivity, specificity, PPV, NPV, and accuracy of LMT were 45%, 90%, 59%, 84%, and 79%, respectively. Of the 22 LMTs diagnosed at arthroscopy, 12 (55%) were missed on physical examination, and there were 7 (41%) false positives from physical examination (Tables 2 and 3) .
False-Positive Findings
Single institution. Of the 19 false-positive MMTs from the SI, the 2 most frequent diagnoses at arthroscopy were LMT and chondromalacia of the medial femoral condyle (Tables 4 and 5) . Of the 15 false-positive LMTs from the SI, the 2 most frequent diagnoses were MMT and chondromalacia of the medial femoral condyle (Tables 4 and 6 ). Community facilities. Of the 18 false-positive MMT from the CF, the 2 most frequent diagnoses were chondromalacia and trochlear chondromalacia (Tables 4 and 7) . There were 9 false-positive LMT and the 2 most frequent diagnoses were anterior cruciate ligament tear and chondromalacia of the medial femoral condyle (Tables 4  and 8) .
By MRI, there were 2 patients with the diagnosis of meniscal tear found to have no evidence of intraarticular pathology.
Clinical examination. There were 21 false-positive MMT by CE, and the most frequent 2 diagnoses were patellar chondromalacia and chondromalacia of the medial femoral condyle (Tables 4 and 9 ).
There were 7 false-positive LMTs diagnosed by CE, and the 2 most frequent correct diagnoses were chondromalacia of the patella and medial femoral condyle (Tables 4 and 10) .
Two patients with a preoperative diagnosis of medial meniscal problems were found to have no intra-articular pathology. 
Summary of Findings
The total number of false-positive diagnoses (ie, no intraarticular pathology) that resulted in surgery was 4 of 288 patients (1.39%). The overall accuracy for MMT by MRI was 73% vs 73% for CE. The overall accuracy of MRI for diagnosing a LMT was 78% vs 79% for CE.
Statistical Analysis
SI had better sensitivity compared with CF in the diagnosis of MMT (P < 0.05, Z = 2.304). SI had better sensitivity in the diagnosis of LMT than CE (P < 0.05, Z = 2.411). CE was more specific than SI for the diagnosis of LMT (P < 0.05, Z = 2.126). The CE was more sensitive than CF in the diagnosis of MMT (P < 0.05, Z = 2.469).
Individually, both the SI and CF were more sensitive than CE in the diagnosis of LMT (P < 0.05, Z = 2.124).
discussion
Patients with a positive MRI finding frequently present to an orthopaedic surgeon with the expectation of surgical treatment. However, this study suggests that, in this community setting, MRI diagnosis is not better than CE, as has been shown in several previous studies. 4, 7, 14, 18 The highest accuracy for CE-97% for the medial meniscus and 86% for the lateral meniscus-was shown when multiple examiners performed an examination at 2 different sessions. 7 The overall accuracy of MRI in diagnosing meniscal pathology in this study for an unselected group of imaging facilities and radiologists was 73% (medial meniscus) and 78% (lateral meniscus). This is lower than the 89% accuracy for medial meniscal pathology and 88% for lateral meniscal pathology found by Fischer et al in a meta-analysis published in 1991. 9 A more recent meta-analysis published in 2003 by Oei et al reported diagnostic MRI accuracy rates of 83% for the medial meniscus and 91% for the lateral meniscus. 20 Multiple factors may have contributed to the lower accuracy in this study. Higher rates are found in prospective studies, 13, 14, 18 in studies published in radiology journals, 21, 28 in studies where mean patient age was lower, 18 and in studies that excluded patients having undergone prior meniscectomies. This study was retrospective; there was no exclusion of revision meniscectomy patients; and our mean patient age was 43 years. In a prospective study, the values (ie, tear or no tear) can be precisely defined and subsequently decrease the subjectivity of the results (ie, arthroscopic findings). "What one arthroscopist considers a frayed edge another may consider a tear," 21 which can significantly reduce accuracy. Revision meniscectomy patients introduce error because postsurgical changes (ie, residual signal on MRI or irregular meniscal edge) can make determining a new tear difficult. With increasing age, patients are more likely to have degenerative changes, and it has been reported that "there is a continuum from meniscal degeneration to tear." 12 The decision to call degenerative fraying a tear is at the arthroscopist's discretion. The decreased accuracy of MRI in diagnosing meniscal pathology was predominantly due to "missed" tears, which seems to indicate a less conservative definition of meniscal tear at the time of arthroscopy.
The accuracy of diagnosing meniscal tears at a SI was similar to the accuracy of the CF. However, the results Table 7 . False-positive medial meniscal tears as evaluated by community imaging centers. indicate that SI is better at identification of the presence of a problem but not better at the determination of a specific pathology. The SI tended toward increased sensitivity in the diagnosis of both MMT and LMT compared with the CF, but a statistically significant difference existed only for MMT. The CF demonstrated increased specificity in the diagnosis of both MMT and LMT but not a statistically significant difference. This may be attributable to community imaging centers aligning their imaging protocols with those established by academic centers, by upgrading equipment, and by increasing the level of training of the radiologists reading the MRI. 29 In comparing MRI evaluation versus a physical examination performed by an orthopaedic surgeon, the physical examination is more sensitive for the diagnosis of medial meniscus but less specific, regardless of whether the MRI evaluation is from a SI or the CF.
The opposite is true for lateral meniscal injury, where the trend is for less sensitivity but more specificity in physical examination compared with MRI evaluation. The literature has shown that limitations in magnetic resonance sequencing leads to decreased sensitivity in diagnosis of meniscal tears, but it is less clear why it is more difficult to clinically diagnose a LMT than a MMT. 6, 10, 27 The manner in which patients were selected to go directly to arthroscopy without undergoing MRI could have also influenced the results. It is possible that the more difficult or ambiguous cases were sent for MRI prior to arthroscopy, thus introducing bias. Statistical evaluation of patient demographics revealed only a difference in the sex distribution of patients, with an increased male-to-female ratio for the CF (Table 1) .
Another limitation is that the surgeons were not always blinded to the MRI results during CE, because patients often presented for evaluation with their MRI images as well as the report of the radiologists' interpretations from CF. This could introduce bias into the final clinical diagnosis of meniscal tear. To prevent this bias, our CE group consisted of patients who did not undergo MRI evaluation.
Given the results in these settings, it seems that patients would be better served if the primary care providers would refer them for orthopaedic examination prior to the order of MRI. 3 While the reported high rates of sensitivity, specificity, and accuracy of MRI diagnosis of meniscal tear may be true for a single facility, with a very select patient population, based on this study, it does not hold true for MRI at multiple centers and a variable patient population (age, mechanisms of injury, past history). Physical examination has been noted to be accurate in the diagnosis of meniscal complaints, and our data support this as well. 14, 15, 17, 23 If MRI is no better than physical examination, then perhaps patients should go straight to arthroscopic evaluation to avoid the additional cost of MRI. What could be lost by so doing is the opportunity to diagnose concomitant pathologies that could be treated without arthroscopic intervention or pathologies that should also be addressed at the time of surgery for which some prior planning is necessary. Routine MRI may not be any more beneficial or helpful than clinical evaluation when there is no preselection of MRI facility and interpreting radiologist and when patient population includes a variable patient population.
This study was done because of a clinical observation about the accuracy of MRI. The results of this study indicate that in this clinical setting, the accuracy of MRI does not meet previously reported data. A prospective study may be warranted.
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